Optimum Distributed Generation (DG) placement and sizing is one of the current topics in new restructured power system. Most of the authors have worked out either DG unit placement or shunt capacitor placement as criteria for minimization of power system losses. However in the present paper, both approaches have been combined together to achieve overall minimum power losses and better voltage regulation. Particle Swarm Optimization (PSO) algorithm will be used for simultaneous finding of optimum DG and shunt capacitor bank location and size. The proposed algorithm will be tested on 12-bus, 30-bus, 33-bus and 69-bus radial distribution networks and the results will also be discussed in detail.
The increment in active power loss represents loss in savings to the utility as well as a reduction in feeder utilization. Studies have shown that 70% of power losses are due to distribution system [3] and the losses resulting from Joule effect only account for 13% of the generated energy [4] . This non-negligible amount of losses has a direct impact on the financial results and the overall efficiency of the system. The unbundling of utility has forced the distribution companies to reduce the losses and operate at the highest efficiency for their own economic benefits. Since utilities are already facing technical and non-technical issues, they cannot tolerate such additional issues. Hence an optimum placement of DG is needed in order to minimize overall system losses and therefore improve voltage profiles [5] [6] [7] .
DG is mainly considered as an active source of energy (kWh) to get the maximum benefit. Companies are investing in distribution system to meet the active power demand to get the maximum profit. However, drawing maximum active power can results into deficiency in fulfilling the kVAr of reactive load requirement. This situation can become worst and voltage collapse condition can occur. Thus it is necessary to optimally place the shunt capacitors for reactive power support in the distribution system. Optimal capacitor placement and sizing also helps in reduction of losses and increases power transfer capability on congested transmission system. The recent power blackouts, due to insufficient reactive power, have also increased the importance of meeting reactive power demand of the system locally. The stability of voltage can be maintained by providing reactive power support to the distribution system at optimum locations locally [8] , [9] .
In this paper, the above problem is solved by simultaneous DG and capacitor bank placement in distribution system, considering minimization of power losses as fitness function. Voltage limits (V min and V max ) is considered as one of the system constraints.
This paper is organized as follows: In section 2, problem formulation will be presented. Section 3, will briefly discuss about the Particle Swarm Optimization (PSO) algorithm. In section 4, the proposed algorithm will be tested on four different radial distribution test systems.
II. PROBLEM FORMULATION
In the proposed algorithm of simultaneous DG and capacitor placement, the fitness function considered is minimization of total active power losses (P L ), given by Eqn. Subjected to the following generation constraints:
Other system constraints include bus voltages (V bus ):
where V bus is n th bus voltage.
To find the optimum DG and capacitor placement and corresponding size, Particle Swarm Optimization (PSO) algorithm is used here. The brief introduction of PSO algorithm is presented in section 3.
III. PARTICLE SWARM OPTIMIZATION (PSO) ALGORITHM
Particle Swarm Optimization (PSO) is introduced by [10] to solve the optimization problem, based on social-psychological "bird flock"s behaviour. In this case, social sharing of information takes place and individuals can take profit from the findings and experience of all the other companions during the search for food. Each companion, called particle, in the population, which is called swarm, is assumed to "fly" over the search space "S" in order to find promising regions of the landscape.
The complete illustration of PSO algorithm is shown in Fig. 2 . A particle i is represented as x i = (x i1 , x i2 , x i3 , x i4 , …... , x id ). The position associated with the best fitness pbesti =(pbest i1 , pbest i2 , pbest i3 , pbest i4 ………. pbest id ) is considered as its current best position. Here d is a total number of initial particles. The overall best particle among all particles in the group is recorded as g best .
The new particle position is based on the rate of the position of i th particle, represented 
where, t is number of iterations, c 1 and c 2 are acceleration constants (usually taken as 0.7), r 1 and r 2 are random numbers, w is inertia weight given by Eqn. (8) . (7) where, w max and w min is 0.9 and 0.4 respectively, c 1 and c 2 are constants (0.7).
In the present case of DG placement and sizing, the i th particle (x i ) is a four dimension vector (P DG , P DG , Q Shunt , Q Shunt ), representing random DG and shunt capacitor positions (P DG , Q Shunt ) and DG and shunt capacitor sizes (P DG , Q Shunt ). Table I shows the complete steps of the proposed algorithm for optimum DG and shunt capacitor placement and sizing. Thukaram load flow is used to carry out the load flow analysis. 
IV. PROPOSED ALGORITHM

Generate Initial Solutions
Calculate the best fitness function (Eqn. (1)) among initial solution of x i , considering the constraints given in Eqns.
(2)-(4).
Update Initial p best and g best
For Iteration=1, find initial p best and g best .
Generate new set of positions
 Update velocity and position vectors using Eqns.
(5-6)  Check the feasibility of the new generated particles xi, given in Eqns.
(2)-(4). Update Initial p best and g best  Calculate new fitness function of updated particles.  Update p best and g best .
Stopping Criteria
Update Iteration If Iteration = =Iteration (max) End
V. RESULTS AND DISCUSSION
The proposed algorithm is tested on 12-bus [11] , 30-bus [12] , 33-bus [13] and 69-bus [14] radial distribution systems.
A. Results
Using the proposed method following optimum DG and shunt capacitor locations and their corresponding sizes have been calculated. The results are tabulated in Table II . 
B. Discussion
The effect of DG and shunt capacitor placement is also measured by calculating the power system losses and system loading factor. Table III shows the effect of DG placement on system performance. From Table III , it can be seen that the system losses have been considerably reduced and system loading capability has significantly improved. These results are also shown in Fig. 2 and Fig. 3 . Fig. 4 , it can be seen that the overall voltage profile has been significantly improved. Further the voltage levels are in allowable maximum and minimum levels.
VI. CONCLUSION
This paper has presented a new approach for optimum DG and shunt capacitor placement simultaneously. The proposed method is tested on several radial distribution networks. The result shows that the proposed methods has significantly reduced the power system losses as well as improve the overall loading factor. The system voltage profile has also been significantly improved and all busses found operating in allowable operating limit.
APPENDIX
Radial distribution test systems 12-bus [11] , 30-bus [12] , 33-bus [13] and 69-bus [14] data. 
